Oxidation of the C-17 steroid side chain, -CHOH.CH20H or -CO. CH20H to formaldehyde forms the chemical basis for the quantitative determination of the so-called 'formaldehydogenic steroids'. The method can be considered in three stages-the oxidation, the transfer of formaldehyde, the colorimetric determination of formaldehyde-and the completeness of each stage may be examined independently. In current methods the oxidation is carried out at room temperature by periodic acid, excess of this reagent being removed by stannous chloride (Lowenstein, Corcoran & Page, 1946; Corcoran & Page, 1948) . Although in early methods the formaldehyde was estimated in the oxidized solution, it is advantageous to isolate the formaldehyde by distillation before assay (Daughaday, Jaffe & Williams, 1948) . This has been carried out conveniently, on a micro scale, by isothermal distillation in Conway units (Bassil & Hain, 1950; Hollander, Di Mauro & Pearson, 1951) . The formaldehyde produced is estimated by heating with chromotropic acid reagent (MacFadyen, 1945) .
Whilst present methods of assay are sufficiently reliable for most clinical purposes, the published methods, even when applied to pure compounds, lack precision. Stage by stage examination showed that whilst the determination of formaldehyde was quantitative, the recovery of formaldehyde by isothermal distillation in conventional Conway units was neither complete nor reproducible. When periodate was used as the oxidant, the high blanks encountered limited the usefulness of the method at low concentrations. In the present method, sodium bismuthate (Rigby, 1950) replaces periodic acid as the glycol fission agent and is subsequently removed by centrifuging; the formaldehyde is determined after isothermal distillation in a modified Conway unit. This unit permits the transfer of the formaldehyde directly into the chromotropic acid reagent at 100°, the transfer and simultaneous colour development being complete in half an hour. The procedure is applicable in the range of 1-10Lg. of steroid (accuracy ± 0-05jug.).
The use ofbismuthate for the oxidation of corticosteroids has been suggested independently by Brooks & Norymberski (1952) as a basis for the determination of formaldehydogenic steroids and of 17-ketogenic steroids. By studying the action of this reagent upon compounds representing the different types of C-17 side chain encountered in corticosteroids these workers have demonstrated the value of such methods for the determination of corticosteroid metabolites in urine (Brooks & Norymberski, 1953; Norymberski, Stubbs & West, 1953) .
EXPERIMENTAL Recovery offormaldehyde by isothermal distillation
The formaldehyde solution (100pd. containing 0 5jAg.), prepared by dilution from distilled formalin, was placed in the outer compartment of a no. 2 Conway unit (Conway, 1947) , and isothermally distilled into the chromotropic acid reagent (400,u.) in the inner compartment. At the end of the distillation the contents of the inner compartment were transferred to a small test tube and heated at 100°for 30min. The percentage recovery figures (Table 1) were based upon the colour density so obtained, taking as 100% that recovery given by heating the same proportions of chromotropic acid reagent and formaldehyde for the same period of time after direct mixing.
Although the recovery of formaldehyde was high and consistent at 90-95°, the no. 2 Conway units were not convenient to use under these conditions, for not only was it difficult to raise the units rapidly to this temperature, but special precautions were necessary to preserve the grease seal and prevent a loss of vapour. To overcome these difficulties a modified Conway unit was designed in which the transfer of formaldehyde was 95±1-2% complete. As formaldehyde recovery in sealed tubes approached 100 %, it is possible that the performance ofthe modified unit could be further improved by effecting the transfer in an autoclave instead of at atmospheric pressure. 
Apparatus Method
The oxidation of the steroid is carried out in a small glass tube (0.5 ml.) with a shallow conical bottom sufficiently thick to withstand centrifuging (Fig. 1 b) . This tube contains a stirrer of length about 4 cm. made of glass rod 0.5 mm. in diameter and shaped as shown in Fig. 1 c. Stirring is achieved by spinning the shaft between forefinger and thumb.
The modified Conway unit. The original no. 2 Conway unit is somewhat large for the small quantities measured, and the modified unit ( Fig. 1 a) has a centre well of about 0-25 ml. capacity. The units employed are blown from borosilicate glass and fitted with B10 standard socket and stopper. Lugs on both socket and stopper are fitted with springs to withstand the small internal pressures produced on heating. 
Reagents
Water. All water used in the preparation of reagents and in the determinations is distilled from alkaline KMnO4.
Chloroform. CHC13 (laboratory reagent grade) is washed with a solution of NH,OH, HCl (5%, w/v), made alkaline with ammonia, and then washed three times with distilled water. After drying overnight over anhydrous CaCl,, the CHCl, is distilled, rejecting the first and last 10% of the distillate. Ethanol (2%, v/v) is added and the reagent is stored in amber glass bottles.
Propionic acid. Propionic acid treated with about 1% (w/v) CrO3 is warmed to complete solution and allowed to stand overnight. It is distilled under reduced pressure below 550 and the distillate is subsequently redistilled twice at atmospheric pressure through an efficient fractionating column. The constant-boiling fraction distilling at about 1420 is collected, again treated with CrO3, and distilled under reduced pressure. The purified propionic acid is stored in the dark under N. at 0°.
Chromotropic acid reagent. Ifnecessary, chromotropic acid is purified by treatment with charcoal and by recrystallization from aqueous acetone. Pure chromotropic acid (20 mg.) is dissolved in water (1-30 ml.) and, whilst cooling, H2SO4 (76%, w/w, 8-62 ml.) is added. The volume is made up to 10-0 ml. with water. The required concentration of H,SO4 may be prepared by running conc. H2SO4 (A.R., 10 ml.) into water (4-8 ml.). This chromotropic acid reagent will absorb one-quarter of its own volume of water to become 9 M with respect to H2SO4 . The reagent is stored at 00. Solvents used in dissolving steroid fractions must be free from interfering chromogenic material. In general, solvents distilled before use are suitable.
Procedure
The steroid to be assayed (5-25 m-,umoles) is transferred in solution to the oxidation tube and dried below 400 in a stream of N2. The dry residue is then washed down to the tip of the tube with CHC1,3 and the solvent removed under N2. The residue is dissolved in propionic acid (10 1d.) by rotation ofthe tube and, after standing 10 min., diluted with water (150 p.). Some urine extracts give a cloudy solution at this stage but if the solution is stirred during dilution, duplicate determinations agree closely.
The solution is cooled to 10°by immersion in a chilledwater bath and finely powdered sodium bismuthate (A.R., 0.5 mg. approx.) is added. (A convenient spatula may be made by flattening the end of a no. II hypodermic needle.) The temperature is maintained and the mixture, stirred at intervals, is allowed to react in the dark for 45 min. The stirrer is then withdrawn and the tube is centrifuged at 2000 rev./min. for 5 min. to remove the NaBiO, and any cloudiness present. The amounts ofreagents and steroid may be increased in proportion if required.
The modified Conway units are prepared by pipetting chromotropic acid reagent (400 1I.) into the outer compartment, using a 1 ml. graduated pipette, the last centimetre of which is bent 450 off axis. The supernatant liquid (100 pA.) from the oxidation mixture is pipetted into the centre compartment of the unit, and the stopper, lubricated with a trace of 9M-H2SO4, is fixed in position by the springs.
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The units are placed on a platform out of brig simmering-water bath (95-100') so that the chamber is just immersed. After 30 min. th removed and stood to a similar depth in cold w for 5 min. Within 30 min. of cooling, the fluid frc compartment is transferred to a micro-colorin a Spekker Absorptiometer (0-5 ml., optical dept the optical density read against 9M-H2SO4 as 1 a yellow light source (Ilford Spectrum Yellov no. 606; transmission 5600-6000 4).
When assaying extracts of biological mate] oxidized determination' is carried out by the cedure, substituting an equal amount of kie NaBiO3. This inert substance also removes any The difference between the 'oxidized' and the ' determination is due to the formaldehyde prod oxidation of the steroid. A blank determina made by following this procedure but omitting The optical density of this blank should lie betw4 0-05 (=-0-7-1-7 m-jumoles).
Calibration. A calibration graph may be pre formaldehyde or any other compound yieldin hyde quantitatively on bismuthate oxidation. points for formaldehyde and for pregn-4-ene-3:11:20-trione (cortisone) are shown in Table 2 ciently close to a straight line for a calibration employed in calculations. This factor, in the cas dehyde, has been calculated statistically (Youd be an extinction of 0-0302/m-,umole. When pu was used, the calibration data were not significan (t test) from those of formaldehyde and showed deviation of± 1-5 % at the mid-range of the cali Other steroids, pregn-4-en-21-ol-3:20-dione (l1-deoxycorticosterone), pregn-4-en-11,B:21-diol-3:20-dione (Kendall's compound B), pregn-4-en-ll,:17a:21-triol-3:20-dione (Kendall's compound F), pregn-4-en-170c:21-diol-3:20-dione (Reichstein's compound S) and pregnane-3x: 12=c:20g:21-tetrol all gave one mole of formaldehyde/mole of steroid on bis-muthate oxidation.
Results have been expressed as m-umoles rather than jig., as this arrangement makes the calibration independent of the molecular weight of the compound oxidized. The difference between 'oxidized' and 'unoxidized' determinations, less their respective blanks, represents the true formaldehydogenic steroids. It follows that when the reagent blanks are low and almost identical it is immaterial whetherthey are subtracted ornot. It is, however, necessary otPhe devias to carry out an 'oxidized' reagent blank as a check on the best line quality ofthe reagents. VVhenno volatile impurity is present, the possible the reading of the 'unoxidized' determination becomes y calculated identical with that of the reagent blank and only the latter determination is necessary. (Mattox & Kendall, 1951) without further purification, gave 0-7-0-96 mole of formaldehyde/mole. Moreover, when this material was desiccated in vacuo at 1100, in an attempt to obtain dry material, a further fall in formaldehydogenic capacity occurred (0B5 mole, based on final weight) and a reduction in weight was observed.
The cortisone used in the calibration procedure was obtained by hydrolysis of the acetate, but was purified by partition chromatography on Celite using 50 % methanol as the stationary phase. The Application of the method to urine extract8 The method has been applied to CHC13 extracts of urine hydrolysed by incubation at pH 5.0 with a preparation of calf-spleen P-glucuronidase. Table 4 shows the results of a typical determination at two levels and the good recovery of cortisone added to the extract. The values given for 'oxidized' and 'unoxidized' blanks show the magnitude of these figures in relation to the optical density due to the formaldehydogenic compounds measured.
DISCUSSION
The chief disadvantage of the use of periodic acid and stannous chloride in the determination of formaldehydogenic steroids lies in the high and variable blank figures obtained. This interference which arises, at least in part, from the end products of the reaction, is avoided by the use of bismuthate. As excess of this oxidant can be removed by centrifuging, it is possible, in the following stage, to heat the Conway units and so accelerate and improve the transfer of formaldehyde into the colour reagent. Inspection of the units during the transfer showed that although 30 min. are necessary for this full development of colour, the inner compartment containing the oxidized steroid is dry within 5-10 min. The increased speed of transfer in the modified Conway units is not accompanied by any loss of accuracy; on the contrary, the recoveries are high and show less variation than in determinations carried out in the no. 2 Conway units at lower temperatures.
As applied to extracts of biological material the value of results obtained by the formaldehydogenic method is, however, greatly reduced by lack of information about the precursors of the formaldehyde; it is possible that some are non-steroid in nature. With the methods of steroid analysis available at the present time, it is not possible to determine what proportion of the formaldehyde formed during the oxidation is of steroid origin. The method has been of value in following extraction and concentration procedures. SUMMARY 1. A micro method for the determination of 'formaldehydogenic steroids' using sodium bismuthate as the oxidant has been described.
2. The isothermal distillation and subsequent colorimetric determination of the formaldehyde takes place at 1000 in a stoppered Conway unit. The determination is complete within 3 hr. and the method is suitable for batch determinations.
3. The method has an accuracy of + 1-5 / in the range 5-25 m-ptmoles.
